Introduction
Parkinson's disease (PD) is a disabling neurodegenerative disorder that is strongly associated with aging, increasing exponentially in incidence above the age of 65 [1, 2] . The incidence of PD is expected to rise dramatically worldwide in the next 25 years with the extension of life expectancy by improved health care [3] . Although there are signs of distributed neuropathology, as judged by Lewy body (LB) formation, the motor symptoms of PD, including bradykinesia, rigidity and resting tremor, are clearly linked to the degeneration and death of substantia nigra pars compacta (SNc) dopamine (DA) neurons [4, 5] . The efficacy of the clinical gold-standard treatment of L-DOPA (3,4-dihydroxy-L-phenylalanine; a DA precursor) is testament to the centrality of these neurons in PD. Here, we examine the evidence that the selective vulnerability of these neurons is attributable to their expression of a physiological phenotype that creates a sustained challenge to Ca 2+ homeostasis.
What causes SNc DA neurons to die in PD?
The mechanisms responsible for the preferential loss of DA neurons in PD have been debated for decades. A widely held theory implicates DA itself, suggesting that oxidation of cytosolic DA (and its metabolites) leads to the production of cytotoxic free radicals [6] . However, there are reasons to doubt this type of cellular stress is responsible for either normal aging or the loss of DA neurons in PD. For example, there is considerable regional variability in the vulnerability of DA neurons in PD, with some being devoid of pathological markers [7] [8] [9] [10] [11] . Moreover, L-DOPA administration (which relieves symptoms by elevating DA levels in PD patients) does not accelerate disease progression [12] , indicating that DA is not a substantial source of reactive oxidative stress. In recent years, attention has turned to the role of mitochondrial dysfunction in PD [13] [14] [15] . In addition to the ability of several toxins that target mitochondria to create a parkinsonian phenotype [16, 17] , compelling evidence for mitochondrial involvement in PD comes from the study of human PD patients. In postmortem tissue samples of the SNc from sporadic PD patients, there is a substantial decrease in the activity of mitochondrial NADH ubiquinone reductase, referred to as complex I of the electron transport chain (ETC) [18] ; this deficit is specific to PD patients [19] and seems to reflect oxidative damage to complex I [20] . Oxidative damage to other cellular components such as lipids, proteins and DNA also has been found in the SNc of PD brains [21] . The source of this oxidative stress is largely mitochondrial: reactive oxygen species (ROS) and other radicals are generated by inefficiencies in the ETC; the ETC is responsible for creating the electrochemical gradient across the inner mitochondrial membrane that drives ATP synthase and the conversion of adenosine diphosphate to ATP [22] . ROS also are thought to be responsible for the high level of somatic DNA mutations in SNc DA neurons [23] . The physical proximity of mitochondrial DNA (mtDNA) to the site of ROS generation probably makes them an even more vulnerable target. The mitochondrial genome encodes 13 proteins involved in the mitochondria respiratory chain, 7 of which are involved in the formation of complex I [13] . The number of mtDNA mutations present in clonally expanded clusters of SNc mitochondria is positively correlated with age and negatively correlated with cytochrome oxidase activity (a marker for functional respiratory activity) [24] . Their clonal nature argues that these mutations are due to the expansion of a somatic mutation, not a genetic mutation present at birth. Because many of these mtDNA mutations impair ETC function [25] , they are likely to contribute to the loss of SNc DA neurons. Lastly, although deficits in the complex I activity of platelets, skeletal muscle, fibroblasts and lymphocytes have been reported in some PD patients [26] , this is not a consistent feature of the disease, arguing that mitochondrial dysfunction is regionally selective [27] .
